Materials and methods
Dry seeds of pea varieties T 163 and Duke of Albany were irradiated with three doses of gamma rays 10kr, 20kr, and 40kr. Seeds were germinated in petri dishes lined with moist filter paper for collection of root tips when the roots were 4-5cm long.
Seeds from each dose of irradiation were space planted in the field.
Pollen sterility and sporocytes collection: Soon after initiation of flowering two to three buds from each tagged plants were collected in 70 per cent alcohol. One per cent acetocarmine was used for the study of pollen sterility. Pollen sterility was considered a suitable basis for selection of sporocytes for cytological studies. are presented in Table 1 . Analysis of cells at prophase was not made since chro mosomes at prophase could not be precisely scored for aberrations.
The common chromosomal aberrations at metaphase were non-orientation and breakage (Figs. 1 and 2). The frequency of these abnormalities is presented in Table 1 . Maximum frequency of non-orientation and fragments was 3 .40 and 2.65 per cent respectively at 40kr dose.
Chromosome and chromatid bridges at anaphase were considered as major criteria to measure the effect of radiation. At anaphase single bridge (chromatid bridge) (Fig. 3) , double bridge (chromosome bridge) (Fig. 4) , bridge with fragment ( Fig. 5 ) and lagging fragments (Fig. 6 ) were observed. Some of the fragments occurred in pair (Fig. 7) . Another feature is the irregular grouping of anaphase chromosome (Fig. 8 ). There is a wide range of variation in the frequency of these changes. Double bridges at anaphase were observed with the highest frequency (Table 1) . A characteristic feature is the increase in the frequency of chromosomal changes with increase in the dose of radiation at metaphase and anaphase (Table 1) . 40Kr gave the maximum frequency of disturbances. Maximum frequency of changes was observed at anaphase stage. At telophase micronuclei were commonly observed (Fig. 9) .
Change in the meiotic system Some M1 plants selected on the basis of pollen sterility were analysed cytologi cally and their total aberration frequency was recorded (Table 2) . Maximum frequency was exhibited at 40Kr dose. Various types of chromosomal alterations were observed at different stages. Ring of four (Fig. 10) , chain for four (Fig. 11 ) and varying number of univalents (Fig. 12) were observed at metaphase I. Fre quency and other behaviour of translocations are published elsewhere. Lagging chromosomes (Fig. 13) , bridges with fragment ( Fig. 14) and irregular movement of chromosomes (Fig. 15) were common abberations at anaphase I.
Types and frequency of different chromosomal aberrations at metaphase I are given in Table 3 .
6II+2I Configuration
This type of configuration was present in plants A1-6, A1-18, A1-24, A2-5, A2-58, A3-2, A3-39, A3-53, C1-8, C1-9, C1-28, C2-5, C2-11, C2-55 etc. with variable frequency (Table 3) .
5II+4I
Configuration An interesting observation in certain other plants was the high frequency of univalents either due to non pairing of chromosomes or complete terminalization of chiasmata. Eighteen such plants were observed which are listed in Table 3 . Seven plants showed 6II+1 rod bivalents (Table 3) .
Bridge with fragment
Other chromosomal abnormalities were observed at anaphase I. A bridge with fragment was present in three plants A1-18, A2-35 and C2-3 showing 10.5, in Table 4 . Plants A 2-35, C 1-28 and C 2-3 showed 6-1-7 type of separation while plants A 1-18, A 3-46, C 1-28 and C 2-3 showed 6-3-5 segregation. Another interesting observation was that 46.8 per cent disturbances were found at anaphase cells in plant A 3-46. 6-8 separation of chromosomes in some of the plants leads to the production of trisomic gametes (Fig. 16) . Chromosomal alterations may be resulted by chemical changes during break age and reunion of chromosomes which may be related to the metabolic state of the cell and dose of radiation. One of the causes of disturbances may be the inhi bition of onset of DNA synthesis in the nucleus through ionizing radiation.
Chromosome breakage through radiation was reported by Wolff and Luippold (1956) . Presence of paired fragment at anaphase in the present observation indicate that the chromosome behaved as monopartite. Chromatid breaks may result if one of the chromatids restituted after splitting (Evans 1962) . Chromosome type aberrations resulted from the effect of radiation on chromosomes prior to splitting and chromatid types from the radiation effects on post split chromosomes. Nonorientation of the chromosomes found at metaphase is caused through the action of radiation on spindle fibres. However, multipolar mitosis resulted when spindle fibres are badly disrupted.
In the present observation paired (double) and single bridges were recorded at the anaphase stage of mitosis. Dicentric chromosomes are resulted from the union of two centric fragments forming a paired bridge at anaphase provided the two centromeres are pulled to the opposite poles. Yagyu and Morris (1957) re ported a linear relation between radiation dose and chromosome aberration, particularly formation of anaphase bridges in tomato root tips. Double bridges may be seen at anaphase when there is translocation between non homologous chromosomes producing unlike arms. Single bridge occurred due to fusion of sister chromatid at a common breakage point. Another possibility may be sug gested chromatid translocation when chromosomes became bipartite after gamma irradiation. High frequency of breakage or fragments are expected when more number of chromosomes are included in the breakage or fragmentation.
Meiotic chromosomal aberrations
Certain chromosomal anomalies were obtained in meiotic system by gamma rays treatment. The mode of action, quality and origin of these anomalies have been studied by a number of workers (Caldecott 1953 , Caldecott and Smith 1952 , and Bhaskaran and Swaminathan 1960 . The type of induced aberrations depend upon whether the chromosomes are effectively monopartite or bipartite at the time of radiation (Caldecott and Smith 1952) .
Interchanges produced in plants grown from irradiated seeds indicate mono partite condition of the chromosomes at the time of irradiation. Reunion of broken ends occurs before the chromosomes became effectively bipartite (Lea 1955 and Swanson 1965) .
In the present observations different numbers of univalents were exhibited at metaphase stage. Appearance of univalents indicate non pairing or early separation of chromosomes at the early or late stage of meiotic division respectively . At anaphase, bridge with fragment was recorded which is possibly due to the occurrence of paracentric inversion (Swanson 1965) . Effect of radiation on spindle fibre may be the possible reason of the appearance of lagging chromosomes at anaphase.
